Introduction
Obesity is commonly encountered in the United States (US). Several reviews and guidelines emphasize the importance of screening for overweight and obesity disorders [1] [2] [3] [4] [5] [6] [7] . Recently, the Obesity Society, in collaboration with the American College of Cardiology/American Heart Association (ACC/AHA), has issued a guideline on the management of overweight and obesity disorders and provided suggestions to better address overweight or obese patients [1] . American adults consume far more calories than required, leading to several preventable health disorders, such as overweight and morbid obesity states, hypertension, diabetes, hyperlipidemia, osteoarthritis, gall bladder disease, sleep apnea, and even some cancers, many in conjunction with premature all cause and cardiovascular disease-related mortality [7] . The National Health and Nutrition Examination Survey (NHANES) data suggests that the average daily calorie consumption is 2,475 for men and 1,833 calories for women in the US. The report of the United States Dietary Guidelines Advisory Committee states that over the past few decades, daily calorie consumption has gradually increased by 200 to 600 calories per individual in this country.
The approaches to addressing obesity include a combination of lifestyle measures, largely by promoting a decline in caloric intake through use of specific diet prescriptions. In addition, targeted weight loss must be achieved by an increase in physical activity as part of programs on a group or individual basis. When diet and exercise fail to produce results, options include the use of medications and surgery. Many medications approved for short-term and long-term use for weight loss have adverse effects, requiring a risk benefit analysis prior to prescribing [6] . 1 2 When lifestyle measures and medications fail to produce required results, surgery becomes a consideration. According to the American Society for Bariatric Surgery (now the American Society for Metabolic and Bariatric Surgery (ASMBS)), the number of bariatric procedures increased from about 16,000 in the early 1990s to over 103,000 in 2003. The ASMBS estimates that 220,000 people in the United States had bariatric surgery in 2008. Bypass surgery has shown much promise and benefits, including the amelioration of diabetes, hyperlipidemia, and additional disorders besides weight loss; however, one must not fail to recognize the complications and undesired consequences following surgical management of obesity [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
We illustrate the statement with a case wherein the patient developed a common complication that was life-threatening following bariatric surgery for morbid obesity and the course escaped attention until a very late stage. Primary care physicians must bear the responsibility to recognize and address at least the common adverse outcomes following bariatric surgery.
Case Presentation
A 49-year-old female with history of depression for years was hospitalized with extreme fatigue, palpitations, and lightheadedness for several weeks, and with recent worsening. She had undergone Roux-en-Y gastric bypass surgery 11 years earlier when she weighed 265 pounds (BMI 47). Post-surgery, her weight came down to 120 pounds (BMI 21.9) over eight to nine years. Her hemoglobin (Hb) was 6.2 g/dl in her primary physician's office six months prior to the current hospitalization. Although she held her job as a secretary, she was apparently no longer living with her husband following a strained relationship. She was also non-adherent to follow-up and medication intake.
The patient's hemoglobin and hematocrit at hospitalization were 3.7 g/dl and 12.2, respectively; the serum ferritin was virtually non-existent at 3 ng/ml. The anemia was now deemed to be from iron deficiency, presumably from malabsorption of iron.
The patient's manifestations improved dramatically following transfusion, prompting discharge on weekly iron infusion and follow-up. Discharge Hb and hematocrit were 7.8 g/dl and 25.6, respectively. She also received monthly vitamin B12 injections. Over months, the Hb normalized to 13.8 and the serum ferritin improved to 26 ng/dl with a transferrin saturation of 26 (normal).
Discussion
The prevalence of obesity in the United States exceeds 30% in adults and is associated with high risk of death, whereas weight reduction lowers the incidence of morbidity and mortality. A BMI at or > 35kg/m 2 is associated with a 200% increase in health care costs compared to normal weight ranges. When behavioral counseling interventions and pharmacologic measures fail, gastric bypass procedures are utilized to treat morbid obesity, often with high success rates [10] [11] [12] . Long-term mortality, particularly from diabetes, heart disease, and cancer, is significantly reduced following gastric bypass surgery [9] [10] [11] [12] .
Although bariatric surgery provides unambiguous benefits to the majority of obese patients, there remain risks. Over the long term, significant micronutrient deficiencies are common. Occult nutritional deficiencies develop depending on dietary habits and additional predispositions [7] [8] . By altering the anatomical structure and physiology of the digestive system, bariatric surgery predisposes to consumption of smaller portions of food, along with reduced surface area for nutrient absorption, altered gastrointestinal motility, and possible bacterial overgrowth (especially in diabetics), setting up the background for malabsorption [7] [8] [14] [15] [16] [17] .
Anemia, the dominant problem in our patient, can develop following bariatric surgery and may be severe enough to cause adverse outcomes or affect quality of life. The main causes of nutritional anemia following bariatric surgery include deficiency of iron, folic acid, and vitamin B12, individually or in combination, with folate deficiency the least likely basis; additional factors unrelated to surgery can coexist and may be responsible, such as use of proton pump inhibitors or the presence of alcoholism [15, 17, [19] [20] [21] [22] .
Nearly half the patients with RYGB surgery develop iron deficiency [22] . The pathogenesis of iron deficiency is multifactorial and includes dietary components and alterations in physiology [21] [22] . Normally, ingested dietary iron in ferric form is poorly absorbed until it is reduced to ferrous state in the stomach, facilitated by hydrochloric acid. Iron is absorbed in the duodenum and proximal jejunum; alteration in anatomy, along with post-surgery achlorhydria, can impair iron absorption. The common practice of prophylactic use of H2 blockers and proton pump inhibitors to reduce acid secretion can interfere with iron and B12 absorption [19] [20] 23] . Consumption of iron rich food, such as red meat, may decline following surgery due to altered food preferences, worsening the predisposition to iron deficiency. When iron deficiency does occur, iron supplementation is necessary; iron is often recommended following gastric bypass [22, 24] . Iron deficiency presents primarily as a microcytic anemia and is confirmed by a measure of hemoglobin, blood smear for microcytic, hypochromic red cells and determining serum iron, iron binding capacity, transferrin saturation, and ferritin assays periodically [24] [25] . Iron supplements must be administered and tailored to patient [25] ; intravenous infusion of iron is indicated when intolerant to iron. Oral iron is best administered as ferrous sulfate, 325 mg daily, on an empty stomach; larger doses are not necessarily more effective and in fact may be associated with more side-effects [26, 27] .
Besides B12 and iron deficiency, nutritional anemias involving protein, copper, selenium, and zinc may result from malabsorption following bariatric surgery and require consideration when routine screening is negative for iron deficiency anemia [21, [25] [26] .
Vitamin B12 or cobalamin deficiency occurs in 26-70% of gastric bypass patients [25] [26] [28] [29] [30] [31] . Absorption of cobalamin is a complex process involving a series of steps [28] [29] [30] [31] . Pepsin and hydrochloric acid cleave B12 from food protein in the stomach as an initial step; free B12 binds to R factor from saliva and exits the stomach, where in the alkaline medium of the duodenum, B12 splits from R factor to bind to intrinsic factor outside the stomach. Achlorhydria or hypochlorhydria, gastritis of any cause, and decreased B12 dietary consumption (from low intake of meat, poultry, fish, and dairy) or inadequate secretion of intrinsic factor may contribute to B12 deficiency. Absence of part or much of the stomach is an important cause. Following bariatric surgery, cobalamin deficiency invariably occurs over time. Manifestations include macrocytosis, megaloblastic anemia, thrombocytopenia, and leukopenia, all detectable by laboratory tests, besides several neurological or neuropsychiatric manifestations, including depression. Neuropsychiatric manifestations occur with B12 deficiency and range from depression to psychoses and dementia, besides neurological deficits. The patient's behavioral manifestations may not have helped her marital relationship.
Early detection of B12 deficiency is important, as most manifestations from deficiency are reversible with B12 supplementation at early stages. The gastrointestinal epithelium also undergoes megaloblastic changes from B12 deficiency leading to secondary malabsorption and deficiency of B12 and other nutrients [28, [30] [31] . B12 deficiency is easily correctable by replacement of the vitamin via the oral, intramuscular, intranasal, or sublingual routes.
While achlorhydria contributes predominantly to iron and B12 deficiency, folate absorption is also facilitated by hydrochloric acid, mainly in the proximal small bowel [30] [31] . Folate deficiency is a serious threat for women who become pregnant after gastric bypass surgery as the deficiency may lead to neural tube defects in infants. Folic acid supplements are indicated for gastric bypass patients, especially for women of the reproductive age group.
Thiamine cannot be synthesized by humans and is not stored in large amounts. Restrictive diets, along with redirection of nutrients in the proximal small bowel (the site of absorption of B vitamins), may result in thiamine deficiency and the Wernicke-Korsakoff syndrome. A daily multivitamin with thiamine and additional minerals, such as elemental zinc, will help prevent deficiency.
Dietary calcium is mainly absorbed in the duodenum. Obesity is associated with vitamin D deficiency due to decreased sun exposure, insufficient intake, and reduced bioavailability of vitamin D, which is sequestrated in fat [15] [16] [17] [32] [33] . Further, after certain types of bariatric surgery, ingested vitamin D does not pass through the duodenum for absorption, resulting in calcium deficiency. Poor adherence or reduction in dietary calcium and vitamin D intake, reduced exposure to sunlight, and failure to follow-up may exacerbate vitamin D and calcium deficiencies [26, 32] . Negative calcium balance and vitamin D deficiency predispose to osteoporosis and osteomalacia following gastric bypass. Guidelines recommend monitoring for calcium, phosphorous, vitamin D, PTH, and alkaline phosphatase levels every six months, along with an annual bone densitometry, until adequate control is ensured [2, 32] . Patients should be maintained on 1000-1200 mg calcium and 600-800 units of vitamin D daily, after correction of deficiency. Nutrient deficiencies following gastric bypass: Basis and management [14] [15] [16] [17] An obese person has a 55% increased risk of developing depression over time, whereas depressed people have a 58% increased risk of becoming obese [34] . A recent study noted suicide rates after bariatric surgery to be five times that of general population [35] . The need for post-surgery follow-up specifically for depression should be emphasized [25, 36] . Psychological triggers for depression include expectation for a better quality of life post-surgery, food restrictions, difficulty in accepting changes in body image, new eating habits, and eating disorders. Psychological evaluation is warranted pre-surgery to address untreated depression and fully evaluate the patient's understanding about the risk of psychological issues after surgery [36] .
Addressing the psychosocial status of bariatric surgery patients will minimize the potential negative impact postoperatively [3, 36] . Patients are ideally provided education before surgery regarding the possibility of depression in the postoperative period; a change in mood should prompt evaluation [3] . Treatment involves identifying triggers, individual therapy, support groups, and antidepressant medications [36] .
Our patient had been depressed for years while she was obese; depression continued even after surgery. She had seen a psychiatrist and was on three prescription medications for depression. Anemia may have contributed to her fatigue, while fatigue made her depression worse. Her symptoms markedly improved after anemia was corrected. Though separated from her husband, it is amazing that she functioned in her job for even a month prior to hospitalization and lived with a Hb below 4 g/dl.
Bariatric surgery patients require lifelong follow-up of body mass index, nutritional status for deficiencies, and psychological well-being. Other complications, such as dumping syndrome, may follow surgery, but are beyond the scope of discussion here. Excellent results can be obtained from patient adherence to recommended changes in lifestyle and activity, and the prompt detection and management of nutritional deficiencies by the health care providers [12, 25] . Post-bariatric Surgery Evaluation [2-3, 25, 37] The management of bariatric surgery patients includes preoperative assessment of nutrient status, patient education, and post-surgery follow-up to reinforce the principles associated with long-term weight loss and its maintenance, adopting a multidisciplinary approach. Follow-up is the responsibility of several disciplines, including the bariatric surgeon, physician, nutritionist, psychiatrist, gastroenterologist, and others [3, 33, [36] [37] .
Overwhelmed with her complications, our patient stated during the short encounter, "Doc, though I have lost weight and fit in my favorite gown, I feel I was healthier when I was fat before the surgery than I do now!" After all, she was living with a hemoglobin below 4, which could have been prevented by proper follow-up post-surgery!
Conclusions
Current guidelines emphasize the evaluation and management of overweight and obese individuals utilizing several approaches. When lifestyle measures and medications are ineffective, bariatric surgery becomes a consideration. Although bariatric surgery results in several desired results, adverse outcomes can also occur. Postoperative management must involve both physician and surgeon. The overall approach begins by optimizing patient status prior to bariatric surgery, followed by appropriate short-and long-term follow-up. Nutrient deficiencies can occur post-bariatric surgery, some with life-threatening complications. Deficiencies can be detected and addressed in a timely manner. Psychological issues are common in these patients before and post-surgery. While the euphoria of weight loss in bariatric patients may be blunted from development of complications and alteration in quality of life, many of these are largely preventable.
